Abstract
INTRODUCTION
Sigmoid diverticulitis is a common affliction of the Western world, and recently, due to migration, there has been an increase in the incidence of right-sided diverticulitis [1] . Diverticulitis can be divided into the simple and complicated disease. Complicated disease includes perforation, obstruction, abscesses, fistula and stricture formation. With greater understanding of the pathophysiology of diverticulitis and the advancement of technology, the management of diverticulitis has been evolving in recent times. There is a greater push towards the outpatient management of simple diverticulitis and less aggressive initial management for complicated cases. There is also a change in surgical management options including laparoscopic vs open approach and primary anastomosis vs Hartmann's procedure for Hinchey Grades 3 and 4. An attempt has been made by several societies to condense some of this into guidelines and practice parameters based on level of evidence [2] [3] [4] . Previous surveys [5] [6] [7] [8] [9] have assessed correlation in their community with these guidelines. However, no surveys have been conducted in Australasia that evaluates correlation with guidelines for both the current medical and surgical management of diverticulitis, as well as giving consideration to rightsided diverticulitis. The aim of our survey was to assess consensus of current colorectal specialist practice within Australia and New Zealand with the clinical practice guidelines for the management of simple and complicated diverticulitis (mainly practice parameters published by the Standards Task Force of The American Society of Colon and Rectal Surgeons [2] as there are no
Australasian guidelines on this subject). We also aimed to highlight areas of community equipoise, to identify areas that will benefit from future research.
MATERIALS AND METHODS
All members of the Colorectal Surgical Society of Australia and New Zealand (CSSANZ) were mailed out an anonymous survey consisting of 22 clinical scenarios with multiple choice options (Appendix 1). One reminder mail was sent out after six weeks to nonrespondents. The University of Sydney Human Ethics department granted ethical approval and the CSSANZ approved the distribution of the questionnaires. Surgeon demographics were collected including age range, gender, years practicing, the location of training and current practice, as well as the presence of interventional radiology and an Acute Surgical Unit (ASU) at the place of practice.
The survey was based on clinical scenarios to evaluate the medical and surgical management of uncomplicated and complicated diverticulitis. Nineteen questions were derived from the recently published guidelines [2, 4] containing an option of 3 to 4 multiple choices, one of which matched the guideline recommendations. The remaining three scenarios were not directly related to the guidelines but were developed to examine surgeon preferences in additional controversies in diverticulitis management not included in the guidelines. The areas covered included initial diagnostic imaging, diagnostic imaging when CT is contraindicated, management of differing size and location of abscesses, management in a medically complex patient, management upon failure of conservative therapy, follow-up options following simple and complicated diverticulitis, surgical management options for different Hinchey grades, as well as operative considerations and management of right-sided diverticulitis. The American Society of Anesthesiologists (ASA) grade was provided for reference. Completion of the survey by other colorectal specialists in the department tested for accuracy and validity before dissemination to other members of CSSANZ.
Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics Version 22. Demographics were tabulated and descriptive statistics (proportion and mean ± SD) were calculated. Two groups were formedthe first compared those that agreed with guideline recommended options and the second compared those that chose the most popular option among the choices provided (i.e., the greatest number of respondents choosing this option). All demographic data were tested for their association with these two groups. Univariate analysis was carried out using the χ 2 test or Fisher's exact test where appropriate. Multivariate logistic regression analysis was used to assess associations between covariates. A P-value of less than 0.05 was considered significant. The proportion of surgeons that agreed with the guideline-recommended option for each scenario was calculated, as well as the proportion forming a majority for an option. Evidence suggests [10, 11] community equipoise is low when more than 70% of respondents favored one treatment option. Thus, community equipoise was then assessed by classifying the survey scenarios into one of four categories based on the proportion of responses: (1) Consensus/Disagree: scenarios with > 70% of surgeons choosing an option that disagrees with guideline recommendation; (2) Equipoise/Disagree: scenarios with ≤ 70% of surgeons choosing an option that disagrees with guideline recommendation; (3) Equipoise/Agree: scenarios with ≤ 70% of surgeons choosing an option that agrees with guideline recommendation; and (4) Consensus/ Agree: scenarios with > 70% surgeons choosing an option that agrees with guideline recommendations.
RESULTS
Of 205 members of the CSSANZ, 102 (50%) responded by returning the survey, of which one was incomplete and excluded from analysis. Surgeon demographics are summarized in Table 1 . The mean number of years in practice was 14, with 53% of surgeons aged more than 50 years. Sixty-five percent underwent the majority of their sub-specialty colorectal surgery training in Australia or New Zealand, and 82% are currently practicing in Australia. From the 19 guideline based scenarios in the survey, 14 (74%) reached consensus. Of these 14, 3 (21%) scenarios disagreed with guideline recommendation. Five (26%) scenarios showed community equipoise, out of which 2 (40%) disagreed with guideline recommendation and 3 (60%) agreed with guidelines ( Figure 1 ).
Consensus and disagree with guideline recommendations
There were three scenarios that reached consensus but disagreed with guideline recommendations. These were: (1) Initial management of diverticulitis: The consensus being admitting for bowel rest and intravenous antibiotics (76%) as opposed to guideline recommendation of outpatient management on oral antibiotics (18%). Four percent would provide supportive care without the use of antibiotics; (2) Failure of conservative management for uncomplicated sigmoid diverticulitis: The consensus being to repeat CT scan of abdomen (71%, shown by multivariate analysis to be more likely if practicing for greater than 10 years -80% vs 59%, P = 0.043) as opposed to organizing an emergency sigmoid colectomy (11%, more likely if working in a rural/regional center -50% vs 8%, Fisher's exact test P = 0.016); and (3) Management following recovery from an episode of complicated diverticulitis: The consensus being no operative management (92%) as opposed to resection (7%).
Community equipoise
Equipoise and disagree with guidelines recom mendations: There were two scenarios with equipoise and disagreed with guideline recommendation. These were: (1) Imaging modality when CT contraindicated. The majority opinion was to perform a CT scan (57%), with some stating without contrast. Only 21% agreed to the alternative of US or MRI. 71 percent of surgeons practicing less than 10 years vs 48% practicing for more than 10 years would choose CT scan when CT was contraindicated (P = 0.03). Choosing US or MRI was more likely if the surgeon was aged over 50 years old (30% vs 11%, Fisher's exact test P = 0.017); (2) Use of bowel preparation and antibiotics prior to elective colectomy. The majority (57%) of respondents would use oral, mechanical bowel preparation prior to the procedure and Ⅳ antibiotics on induction of general anesthesia. This was more likely to be the case if the surgeon was aged over 50 years old (67% vs 47%, P = 0.04).
Equipoise and agree with guideline recom mendations: There were three scenarios with equipoise but agreed with guideline recommendations. These were: (1) Failed conservative management for complicated diverticulitis. Sixty-three percent of respondents agreed to image guided percutaneous drainage for a 3 cm mesocolic abscess not responding to conservative management. Univariate analyses demonstrated that a significantly greater number of those practicing in a rural/regional or a secondary referral center compared with those in a tertiary or quaternary referral center (91% vs 56%, P = 0.002), and those practicing for more than 10 years (71% vs 50%, P = 0.047) was associated with this; (2) Hinchey Grade 3 management. Fifty-six percent would do a Hartmann's procedure as opposed to 3% choosing resection with primary anastomosis and diverting colostomy and 34% choosing on table colonic lavage and colorectal anastomosis with diverting loop ileostomy. A greater proportion of North American subspecialty trained surgeons (87% vs 51%, Fisher's exact test P = 0.009) and non-Australasian trained surgeons (77% vs 46%, P = 0.002) would perform a Hartmann's procedure in this case, as well those practicing for more than 10 years (67% vs 32%, P = 0.001) and surgeons aged over 50 years old (70% vs 40%, P = 0.002); and (3) Proximal extent of resection. The majority (57%) would remove colon where there is thickened, inflamed and hypertrophic tissue and resect the whole sigmoid colon (62% of Australian based vs 35% of New Zealand based surgeons, P = 0.04), whereas 14% would only do the former and 24% would only do the latter.
Consensus and agree with guideline recommendations
There were eleven scenarios that reached consensus and agreed with guideline recommendations. These are summarized in Table 2 .
The remaining three scenario-based questions that did not relate to guidelines were based on surgical management options. In a patient undergoing resection of the diseased segment in sigmoid diverticulitis, 42% would complete the operation via a colorectal anastomosis with diverting loop ileostomy ± on-table colonic lavage, 31% would complete it with a colorectal anastomosis ± on- options were provided, 48% would resect with primary anastomosis, 20% chose Hartmann's operation and 18% chose laparoscopic lavage, with 14% not choosing an option and some stating they would not operate and treat conservatively. Multivariate analysis demonstrated that those practicing in a city setting were more likely to choose resection with primary anastomosis (55% vs 27%, P = 0.035). In a patient with right-sided diverticulitis with confirmed perforation and a 5 cm abscess formation, 66% would perform an ileocecal resection and ileocolic anastomosis. This was more likely if a surgeon was in practice for more than 10 years (78% vs 41%, P < 0.0001) or based in Australia compared to New Zealand (71% vs 41%, P = 0.016). By multivariate analysis, practicing for more than 10 years was found to be significant for performing an ileocecal resection and ileocolic anastomosis (P = 0.001) (Figure 2) . The responses to the 19 guideline-based scenario questions are summarized in Figure 3 according to the sixteen clinically based diverticulitis management topics that they fit into. This is due to the eleven scenarios that reached consensus and agree scenarios in Table 2 being able to coalesce into eight topics.
DISCUSSION
Our survey is the first to evaluate both medical and surgical management decisions of simple and complicated diverticulitis within Australasia. It shows there remain areas of community equipoise, approximately in a third of the guideline related topics in our survey, and where consensus does exist, it is not always in agreement with accepted guidelines. Some management decisions were found to be dependent on duration of practice.
Individual equipoise measures clinical uncertainty and occurs when an individual clinician is completely undecided. Community equipoise applies when there are differing views among the profession as a whole [10] . There were three topics with moderate quality evidence in guideline recommendations; however, our survey respondents disagreed with these. These were in the areas of management following failed conservative therapy for uncomplicated diverticulitis, recovery from an episode of complicated diverticulitis and use of bowel preparation and antibiotics for elective resection.
The ASCRS practice parameters [2] recommends an urgent sigmoid colectomy for those in whom nonoperative management of acute diverticulitis fails. This includes those who have continued abdominal pain or cannot tolerate enteral nutrition secondary to a bowel obstruction or ileus. In our survey, 71% opted for a repeat CT scan instead. This may be a reasonable option in order to exclude possible abscess formation avoiding the need for surgery. The urgency to operate should be assessed on a case by case basis depending on patient factors. Despite the recommendation of an elective colectomy following recovery from an acute episode of complicated diverticulitis, only 7% of respondents in our survey chose this for an ASA grade 2 patient. The ASCRS [2] , The Netherland [12] , WGO [4] and German guidelines [13] recommend elective colectomy following recovery from an episode of complicated diverticulitis. However, there is still a need for further research in terms of resection criteria for this group of patients, which may explain why Australasian colorectal specialists are still acting conservatively. In contrast, the Danish guidelines [14] do not recommend elective resection unless it is for patients with fistula or stenosis. Vennix et al [3] concluded in their systematic review of guidelines that surgery is not required in the case of conservatively treated abscess, however, if it is a pelvic abscess then this can be justified. Recently, a population-based analysis [15] also showed a decline in elective colectomy following an episode of diverticulitis. This was most pronounced in those younger than 50 years old (17% to 5%) and with complicated disease states (21% to 8%, P < 0.0001). The ASCRS practice parameters [2] state that for elective colon resection, oral mechanical bowel preparation is not required; however, oral antibiotics given pre-operatively may reduce surgical site infections. Recently the use of oral, mechanical bowel preparation has been questioned prior to elective colectomy and the ASCRS guidelines recommend the use of oral antibiotics to reduce surgical site infections (SSI). A large systematic review found no statistically significant evidence that patients undergoing colonic surgery benefit from mechanical bowel preparation. Guenaga et al [16] conducted a meta-analysis showing there was no benefit of mechanical bowel preparation in terms of reduced rates of wound infection or anastomotic failure. Bellows's et al [17] meta-analysis showed that use of oral and IV antibiotics reduced risk of surgical wound infection (RR 0.57, 95%CI: 0.43-0.76, P = 0.0002), but had no effect on organ space infections or risk of anastomotic leak. There is still lack of highgrade research looking specifically at diverticulitis and colonic surgery. Our survey showed that surgeons aged over 50 years old were more likely to use oral, mechanical bowel preparation and IV antibiotics on GA induction compared to those under 50 years. There were two topics with low quality evidence in guideline recommendations that our survey respondents disagreed with. This included initial management of uncomplicated diverticulitis and initial diagnostic modality when CT contraindicated.
For management of simple, uncomplicated diverticulitis in patients with no systemic manifestations of infection, recent studies [18] [19] [20] [21] have pushed towards the outpatient management of simple diverticulitis utilizing oral antibiotics. The recommendation is based on the belief that the body's host defense mechanisms can manage the inflammation without antibiotics if the patient is otherwise well and immunocompetent.
Chabok et al [22] conducted a randomized control trial (RCT) that showed that treatment with antibiotics did not accelerate recovery nor prevent complications or recurrence when compared to treatment without antibiotics. Similar results were reported in a recent Cochrane review of 3 RCTs [23] . Many of the more recent guidelines have moved towards advising outpatient treatment for those with minimal comorbidities and otherwise well. Jackson et al [24] published a systematic review on this showing that 97% of patients were successfully treated in an outpatient type setting. The DIVER trial [25] also demonstrated this, where patients received a dose of Ⅳ antibiotics in the emergency department and then were randomized to being hospitalized or discharged for management. The Delphi study [8] demonstrated international acceptance of this as well as other survey studies [5, 6] . Contrary to this, the majority (76%) of respondents in our study elected to admit for bowel rest and Ⅳ antibiotics. Whether this view may change with a high-quality study being conducted in Australasia needs to be seen.
In keeping with other survey studies [5] [6] [7] [8] and with current guidelines [2] , the majority (77%) of surgeons opted for CT scan as initial diagnostic modality. However, only 21% would utilize an US or MRI where CT was contraindicated, with some stating they would perform a CT without contrast. This is despite the fact that US has been shown to have a comparable diagnostic accuracy to CT [2, 26] . Nevertheless, US does have its limitations and is inferior when considering diagnosis of alternative diseases [27] . Controversy remains regarding the best surgical option for Hinchey Grades 3 and 4 diverticulitis. Like previous surveys [6, 8] , the majority opted for Hartmann's procedure for Hinchey Grade 4. However, there remains a divide between Hartmann's and primary anastomosis with diverting loop ileostomy for Hinchey Grade 3. A systematic review [28] showed that patients undergoing primary anastomosis had lower mortality; however, the studies included were low quality with selection bias. A recent multi-center RCT [29] concluded that primary anastomosis with diverting ileostomy is favored over Hartmann's procedure. However, a number of limitations were identified following publication. Binda et al [30] brought to attention a number of issues with the trial, including selection bias, surgeons refusing to randomize certain patients, the inclusion of patients with perforation not secondary to diverticulitis and failure to base conclusions on the pre-planned endpoint. The LOLA arm (laparoscopic lavage with sigmoidectomy) [31] of the LADIES trial [32] was prematurely terminated following increased adverse events post laparoscopic lavage compared with sigmoidectomy. However, we still await the results of the DIVA arm comparing Hartmann's procedure with sigmoidectomy plus primary anastomosis. This will provide randomized, controlled evidence for this controversial issue.
We did not use previous surveys that are already published and then compare our responses to them. This is because previous surveys did not cover as many aspects of diverticulitis management and did not focus as much, if at all, on surgical management. Also, previously published surveys are heterogeneous in terms of areas covered when compared to each other.
Weaknesses in our study include a suboptimal response rate. This may be due in part to the length of the survey, which was necessary to explore the topic. Also, we do not have data on the non-responders and whether they differed markedly from responders. Furthermore, only subspecialty colorectal surgeons were invited to complete this survey in an effort to maximize the response rate. We acknowledge that many general surgeons also treat diverticulitis. These factors limit the generalizability of the results. Furthermore, responses to clinical scenarios may be constrained by the multiple choice options, which may have varied from the respondents' true preference. Never-the-less, the survey results are still useful in highlighting current practices and areas of equipoise.
In conclusion, this survey has identified areas of community equipoise and areas of clinical practice that disagree with guideline recommendations in the management of diverticulitis. It has also demonstrated that despite the availability of guidelines, some areas in clinical practice reach consensus contrary to these recommendations. In order for guidelines to become more widely acceptable, further higher quality research is necessary in these areas.
COMMENTS

Background
Diverticular disease carries a significant disease burden. It ranges from presence of diverticula to simple inflammation to more complex disease processes. There are established guidelines with regards to initial investigations and management options for varying severity of disease. It is unclear whether current clinical practice in Australia and New Zealand is in consensus to established guidelines. The aim of this study was to determine the application of clinical practice guidelines for the current management of diverticulitis and colorectal surgeon specialist consensus in Australia and New Zealand.
Research frontiers
There remains disagreement in areas of diverticulitis management including the move to outpatient management and treatment without antibiotics for simple diverticulitis; and operative strategies for Hinchey grade 3 and 4 diverticulitis. This, together with low quality evidence for some guideline recommendations, means that guidelines need to be reviewed and revised with more recent studies.
Innovations and breakthroughs
The achievement of this study is in highlighting areas of equipoise and consensus, albeit not with guideline recommendations, to be areas of future research to provide better quality evidence so that guidelines may be adopted.
Applications
Areas of further research identified include initial management of simple diverticulitis, failure of conservative management for diverticulitis, whether recovery following complicated diverticulitis requires operative intervention, use of bowel preparation and proximal extent of resection for elective resection and surgical management of Hinchey Grade 3 diverticulitis. Higher quality evidence to back up recommendations for these will result in better outcomes for patients and given the increasing disease burden, will also help reduce the future financial burden on health care organizations dealing with this.
Terminology
Evidence suggests community equipoise is low when more than 70% of respondents favor one treatment option. Thus, community equipoise was assessed by classifying the survey scenarios into one of four categories based on the proportion of responses: (1) Consensus/Disagree: scenarios with > 70% of surgeons choosing an option that disagrees with guideline recommendation; (2) Equipoise/Disagree: scenarios with ≤ 70% of surgeons choosing an option that disagrees with guideline recommendation; (3) Equipoise/Agree: scenarios with ≤ 70% of surgeons choosing an option that agrees with guideline recommendation; and (4) Consensus/Agree: scenarios with > 70% surgeons choosing an option that agrees with guideline recommendations.
Peer-review
It is an interesting piece to read and publish. It provides very good overview of Australian surgeons' opinions on diverticulitis guidelines.
